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DEPARTMENTOFVIROLOGY
GENERALSUMMARY
Currentresearchactivitiesaremainlyconcernedwithcancer
cellbiologywhichoughttobeobtainablefromcell-virusinterac-
tion.Forthispurpose,thefollowingprojectshavebeenunder-
taken.
l)Themechanismofpersistentinfectionwithnon-oncogenic
viruses,Pararnyxovirus:HVJ(HernagglutinatingVirusof
Japan=Sendaivirus),Orthornyxovirus(Influenzavirus),Ru-
bellavirusorHerpessirnplexvirus.
Z)Xenogenizationoftumorcellmembraneantigenbyinfection
withPoxvirus(CPV=Cowpoxvirus)orHerpessimplexvirus
(HSV),orbypersistentinfectionwithHVJorRubellavirus.
3)Lysosomalenzyrneactivitiesregulatedbyintracellularcyclic
AMP.
4)Transforrnationofhurnannasopharyngealepithelialcellsby
theEpstein-Barrvirus(EBV)inrelationtothedevelopment
ofnasopharyngealcarcinorna.
5)Isolationandpurificationofcleavageenzyrneorinterferon
inducerfrornbacterialproductsorextracts.
Persistentinfectionofcellswithnon-oncogenicvirusesgives
usnotonlyatypicalmodelofrnanychronicviraldiseases,but
alsoagoodexalnpleofviralcarcinogenesis・Recently,progress
onvirusvaccinesgenerallyhasrnadeaprophylaxieofacute
viraldiseasesthernselvesmoreeffectiveexceptforafewspecial
cases,thoughreducingoftheirsideeffectsornewdeveloprnent
ofrnoreeffectiveonesstillrernainstobeachived.Incontrary
tothis,anurnberofseriouschronicviraldiseaseshasbeen
showntobecausedbychronic,persistent,slowvirusinfection
inthenervoussystem,cardiacsysternetc．Forexarnple,
subacutesclerosingpanencephalitisisaresultofslowvirus
infectioninchildrenwithmeaslesvirus;andcongenitalrubella
syndrornewithsevereanornaliesofheart,greatvessels,eye
defectsorneurosensorydeafnessisderivedfrornrubellainfec-
tioninpregnancy.Sirnilarly,itrnightbepossibletoassume
thatviraltransforrnationofcellsoriginatesfrorntheintracellular
persistenceofoncogenicvirusgenome・Thefirstproblerntobe
examinedinbothchronicviraldiseasesandcarcinogenesisof
cellsseernsheretobewhatthernechanisrnistornaketheper-
sistenceofviralgenomestableintracellularly・Followingthis,
initiationofcytopathogenicity,onsetofviraldiseases,uncont-
rolledproliferationofturnorcells,deathofindividualsetc.
shouldbeinvestigatedtocorrelatethernrespectively.Consider-
ingapossibleconnectionofchronic,persistent,slowviral
diseaseswithsuggestivehumanoncogenicviraldiseases,we
haveselectedprojectNo.lasourrnaintarget.
Anothergeneralcharacteristicofthevirus-infectedcellsis
theirbiologicalalterationscausedbythevirusinfection,re-
gardlessofpersistentorlyticinfection・Inthecaseoflytic
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infection,thefateofvirus-infectedcellsissurelyoccurrenceof
thecytopathogeniceffect(CPE)anddeathofthecellsintheend.
However,webelievethatthevirusgenornepenetratedintocells
couldinevitablyproducesorneeffectsoncellularfunctions
beforetheappearanceofCPE.Thesepossibleeffects,including
theonesbypersistentlyinfectedvirusgenome,maybeexpressed
immunologically,biochemicallyetc．、Usingculturedtransplant-
ablecells,wehaveobservedthernimmunologicallyasavirus-
specificformationofcellrnembrane(surface)antigen(S-ag)and
aloweredtransplantabilityinducedbycellularirnrnunity"〃i"o.
ThisS-agnewlyformedafterthevirusinfectionrnightbernade
toactasxenogenizedantigen"〃iZJO,suggestingapossible
applicationofthisphenornenontotheirnrnunotherapyofturnors
inthefuture・Concerningthis,enhancementorregulationof
lysosomalenzymeswasfoundtodependontheintracellular
concentrationofcyclicAMP・Theseproblernsarepresentedas
ourProjectsNo.2and3.
AsourProjectNo、4,wehaveatternptedtotransferthe
Epstein-Barr(EBV)genometohumannasopharyngealcells.EBV
iswellknowntobethernostlikelyvirusresponsibleforthe
developrnentofhurnannasopharyngealcarcinorna(NPC).How-
ever,thequestionwhyEBVcannotgenerallytransforrnhuman
epithelialcellsexperirnentallystillrernainsobscure,whilethe
transforrnationofhurnanlyrnphoblastoidcellsiseasy.Itwillbe
impossibletodeterrninewhetherthisEBVisacausalvirusof
NPCunlessthepossibletransferandInechanisrnofitsper-
sistenceinhurnanepithelialcellscanberevealed・Therefore,
ourinterestsinfollowingthisEBVcomefrornthispoint.
Duringlast5years,wehavedevelopedtheCelllnjuringRe-
action(CIR)methodthroughthemeasurernentofcellularRNA-
proteins,whichwerernadetobereleasedextracellularlybythe
actionofaCIRactivesubstance.ProductsofBaCj〃〃SCGγe〃S，
MS-1063strain,werepurifiedandshowntohavestrongCIR
activityonturnorcells.However,wecouldnotelirninate
undesirablesideeffectscontainedinthissample,evenafter
finalpurification.Thisrnadeusturntoanewapproachtoseek
otherbacterialproductswhichrnightpossiblyactontheturnor
cellrnernbraneandenableittobecleavedorexposed・Concern-
ingthiscleavageorexposureeffect,trypsinorsirnilarproteoly-
ticenzyrnetreatrnentofvirusparticlessuchasPararnyxovirus
andPoxvirushasbeenshowntoresultinacceleratedgrowthof
thevirus・Moreover,turnorcellstreatedwithneurarninidase
exhibitedenhancedactivitycausingcellularirnmunityafter/"
"/zﾉotransplantation・Similarly,trypsintreatrnentofcontact-
inhibitedculturedcellsisknowntocauseareleaseofcellsfrom
contact-inhibition.Inadditiontothesecleavageorexposure
effects,aninterferoninduCingactivitywillalsobetestedinthe
sarnesarnple・IfmoreactivecleavagesubstanCesthantrypsin
orneuraminidasecouldbeisolated,turnorcellgrowthorits
irnmunologicalproblernsrnightbetestedfrornaslightlydifferent
approach.ThisprogramisshownasourProjectNo.5.
TheseworksweresupportedbyaGrant-in-AidforScientific
ResearchfrorntheMinistryofEducation,ScienceandCulture,
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JapanandbyaGrant-in-AidforCancerResearchfroInthe
MinistryofEducation,ScienceandCulture,Japan.
ABSTRACT
(7)Themechanismofpersistentinfectionwithnon-oncogenic
viruses,Para-myxovirus:HVJ(HemagglutinatingVirus=Sendai
virus),Orthomyxovirus(Infiuenzavirus),Rubellavirusor
Herpessimplexvirus.
1)Specificmodificationofcellmembraneinspontaneousand
viraltransformationf"〃〃γひ．
T・Yamada,J.Tanaka,R・Shimizu,M.HatanoandS.Odajima
2)Characteristicsoftemperature-sensitivevariantofHVJ
derivedfromstableHVJcarriercultures.
O.MoritaandM.Hatano
SinceourfirstreportonpersistentinfectionwithHVJinl970,
wehavebeenabletoestablishrnanyHVJcarriercultures.
However,theirestablishmentisalwaysaccompaniedbysome
troublessuchasalongperiodofrnorethan2-3monthsof
irregularresults.Thesetroubleshavebeensolvedcompletely
byaiiapplicationofaternperature-sensitive(ts)variant(HVJts)
insteadofthewildtype(HVJo).
UsingplagueassayonVEROcellsinthepresenceoftrypsin
andCIU(CellInfectiousUnit)assayonthesarnecells,the
existenceofinfectiousvirusesinvariouscellspersistently
infectedwithHVJwasfirstproved.AsshowninTable,thists
variant(HVJpits),evenaftertheusualpassagesindeveloping
chickembryosat3ZC(HVJpits-e),couldnotgrowsignificantly
athighertemperaturemorethan37C.Thischaracteristicof
intracellularvirusesintheHVJcarriercellsseernedtocause
thattheirinfectivitiesareusuallynegativeat37Cuptothepre-
senttime・At35C,thesetsvariantsshowedlessthanhalfthe
growthofthatseenatpermissiveternperature(32C)．Nodiffer-
enceinantigenicitywasfoundamongthesevariantsandwild
typeviruses.
InHeLacellsinfectedwithHVJpitsat35C,littlecytopathic
effect(CPE),andrnildandtransientreleaseoflysosornal
enzyrnesfromlysosorneintothecytoplasrnoccurred・Further-
more,HVJpitsinducednoproductionofinterferon(IF)inHeLa
cellsandeasilyledthecellstotheestablishrnentofpersistent
infection.Ontheotherhand,HVJocausedstrongCPEwith
activatedcytoplasmicreleaseoflysosornalenzyrnes・Thepro-
ductionofIFinHeLacellsbytheHVJoinfectiondependedon
rnultiplicityofinfection(rn.o､i､）．Thisappearedtomakeithard
forthecellstoestablishapersistentinfectionwiththatvirus,
espeCiallyatrn.o.i・oflO,becausealargearnountofIF
producedmaypossiblyresultintheinhibitionofintracellular
replicationofthevirusesandfinallytheelirninationofHVJ
genornefromthehostcells.Fortheestablishmentofpersistent
infectionwithHVJo,alowrn．o.i･of0．lwasusedeffectively
followinglongsubculturingofHVJo-infectedce11s.
Virusesre-isolatedfrornnewcarriercellsestablishedwith
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HVJowerenottsvariant,showingareplicationinVEROcells
at37C・WhentheseHVJocarriercellswithoutCPEwere
subrnittedtorepeatedsubculturingwithrnorethan40passages,
morethan90%oftheirintracellularviruseswereprovedtobe
tsvariantinsteadofwildtypevirus,suggestingapossible
changeinHVJototsvariantintracellularly.Thepossibilityof
coexistenceofatsvariantintheoriginalHVJoanditsselective
establishrnentofacarrierstateorsubsequentselectiontothe
stabletscarriercellsduringlongsubculturesshouldbemade
clearerinthefuture.Comparativeexaminationofreverse
transcriptaseactivityinbothHVJoandHVJtsisnowinprogress
asthenextproblern.
Similareasyestablishmentshavebeenrecentlyobservedin
thecaseofRubellaviruscarrierculturesandpersistentin-
fectionwithInfluenzavirusorHerpessirnplexvirustypeZis
alsogoingon.
TotalyieldsofHVJo,HVJpitsorHVJpits-einVERO
Cellsatdifferentternperatures
*Virusyield,CIU/ml,atZ4hoursaftertheinfection
（1.0ClU/cells)inthepresenceoftrypsin,0.6"g/ml.
Xenogenizationoftumorcellmembraneantigenbyinfection
withpoxvirus(Cowpoxvirus=CPV)orHerpessimplexvirus
(HSV),orbypersistentinfectionwithHVJorRubellavirus.
1)LOweredtransplantabilityofculturedtumorcellsbyper-
SistentinfectionwithparamyxoviruS.
(8）
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Viruses･
Temperature
（℃）
TotalVirusYield3
HA/mllnfectivity
Ratio
(infectivity)
HVJo 32
35
37
39
2．1×104
4．0×105
2．9×106
9．8×106
16
64
12
24
5
10
1
20
140
467
HVJpits 32
35
37
39
1．5×105
×
7．0×104
3．2×102
2．5×10】
???????
7
21
01
47
00
00
???
????
HVJpits-e 32
35
37
39
1．4×106
6．0×105
1．3×104
7．0×100
256
256
32
16
1
0．43
0．009
0．000005
T.YamadaandMoHatano、
2)Effectofinfectionwithtrypsin-treatedcowpoxvirusor
persistentinfectionofcellswithHVJ(Sendaivirus)onpro-
ductionofcowpoxvirus-infectedcellSurfaceantigen.
J・TanakaandM.Hatano
Previously,wefoundaloweredtransplantabilityofHVJ
carrierturnorcellsintheharnster･Thisloweredtransplant-
abilitywasshowntobeduetotheenhancedinductionofcellular
irnmunityi"""Ocausedbyxenogenizedantigenofcellmem-
brane・AsirnilarphenomenonisnowobservedinRubellavirus
carrierturnorcells・Inanattempttomakecellmembrane
antigenxenogenize,wehavealsousedformationofavirus-
specificcellsurfaceantigen(S-ag)byCPVorHSVinfection.
Inthesetests,sorneturnorcellsreproduciblygavethehigh
forrnationofCPVS-ag,butothercellsdidnot,suggestingthe
dependencyofS-agformingabilityonthecellspeciesspecific-
ity.ThelowincidenceofCPVS-agformationinsuchturnor
cellswasremarkablyenhancedinthepresenceoftrypsin
withoutsignificanteffectonthevirusadsorption・Ontheother
hand,theHVJcarrierculturesweredescribedashaving
cellularabilitycausingincreasedrnultiplicationofotherviruses
orenhancedcellularrepairactivity・Therefore,apossible
effectofpersistentinfectionwithHVJ,especiallytheternpera-
ture-sensitive(ts)variant,wasexarninedtodiscoverwhetherit
rnakesthelowS-agproducingtumorcellsconverttohigh
producingonesornot.
TheforrnationofCPVS-agintheHVJcarriercultureswas
stronglyenhancedat32-35C,whencornparedtothatinparent
cells・Temperatureshiftsfrom32-35Cto37Cforthesecarrier
culturesreducedthisonceenhancedformation,rnakingthem
equivalenttotheparentCellsasshowninTable.
InacomparisonofintracellularCPVgrowthat35C,the
eclipsephaseandonestepgrowthofCPVintheHVJcarrier
cellsoccurredwithinamuchshorterperiod,whiletheCPV
adsorptionwasthesameasthatonparentcells・Inthecoruse
ofartificialdegradationoftheCPVoutermembranebydetergent:
NP-40"〃〃γ0,theCPVinfectivitywasmadetoincreaseearly
anddecreaselater・Themeaningofthisearlyincreasel〃〃〃γO
reactionisunknown.However,itmaybeduetoapartialde-
gradationoftheCPVoutermembrane,whichenablestheCPVto
beadsorbedonthesensitiveassaycellsrnoreeasilyandrespond
tothecellularUncoatingactivitiesmorerapidlywithsubsequent
riseininfectivity.Theseinfectivitychangesoccurredrnore
rapidlyandmarkedlywhentheCPVwerereactedwithcrude
cellextractsfrorntheHVJcarriercellsculturedat32-35C.
Furtherrnore,theS-agforrningabilityofHVJcarriercellsin
thepresenceofActinornycinDorPuromycinwasnotloweredso
rnuchasthatoftheparentcellsattheperrnissivetemperature
oftsvariant.
TheresultsindicatethatpersistentinfeCtionwithHVJ,
especiallytsvariant,rnakesthecellsprornotethefirstunCoat-
ingstageandconcomitantlythesubsequentintracellularstepof
CPVgrowth,resultinginenhancedformationofS-ag・ThisCPV
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S-agtogetherwiththeoneofHVJorRubellaviruscarriertumor
cellsisnowbeinginvestigatedtofindoutwhetherornotitis
capableofinducingcellularirnInunityafteri〃〃/"Otransplanta-
tionsasthexenogenizedantigenofturnorcellmernbrane.
EffectofcultureternperatureofTHELanditsHVJcarrier
cellsonS-antigenforrnationbyCPV
I
??
???
Observationafter8hoursincellsinfectedorsuperinfectedwithCPV
Culturedfor72hoursbeforeCPVinfectionandmaintainedatrespectivetem-
peraturesafterCPVinfection
(9)Lysosomalenzymeactivitiesregulatedbyintracellularcyclic
AMP(cAMP):RelationshipbetweenintracellularcAMPand
lysosomalenzymeactivityinhumanembryonalkidneycelis.
H.Ogura,J.TanakaandM.Hatano
Relatingtotheobservationsoflysosomalenzyrneactivitiesin
theHVJcarriercellsandCPV-infectedcells,thisproblernwas
extracted・Additionofdibutyryl-cAMP(BZcAMP)orcAMPto
theculturernediumcausedhurnanernbryonalkidneycellsa
'significantelevationofenzymeactivities,whiledeprivationof
thesesubstancesfrornthernediurnresultedinloweringofenzy_
rneactivities・InthecaseofadditionofBZcAMP,enzyrne
activitiesreachedtornaxirnurnelevationwithin3days,while
deprivationproducedrapidloweringwithinl2hours・Nosignifi-
canteffectsoncellgrowthorcellularproteincontentwere
foundintheseclonedfibroblast-likecellsataneffectivedrug
concentrationofO．5－1．OmM.Optimaladditionofepinephrine
orisoproterenolknownasanactivatorofcellularadenylate
cyclaseresultedinanaccurnulationofintracellularcAMPand
subsequentelevationoflysosornalenzyrneactivitysirnilarto
thatcausedbyBZcAMP.Forthisenhancement,de"o"osyn-
thesisofRNAorproteinseernedtobeessential,asshownby
theexperirnentaleffectofpre-treatrnentofcellswithActino-
rnycinDorcyclohexarnide・Sirnilarresultstotheseexperirnents
werealsofoundinotherclonedhurnanepithelialkidneycells
derivedfrornthesameorigin.
－20－
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Cells
S-antigenpositivecells(%f
32℃
b)
(ratio)37℃
）
b)
culturedat
(ratio)
THEL29.0(1.0)32．2(1.0)
THEL-HVJ71.4(2．4)28.9(0.8)
THEL(HVJpits)79.4(2.7)33．9(1.0)
THEL(HVJpits-e)69.7(2.4)33.3(1．0)
THEL(HVJo)-3857.2(1.9)36．2(1.1)
VERO82.0(2.8)85.2(2.6)
MeasurernentofcellularcAMPlevelsunderlogarithrniccell
growthclearlydemonstrateditsclosecorrelationtolysosomal
enzymeactivity(Figure)．Thisregulatedelevationorlowering
ofenzymes(acidphosphatase,acidproteaseandB-glucuronidase)
wasobservedtooccuronlyinthelysosomalfractionandnotin
thesolublefraction.Furtherproblernsonsuchregulationin
virus-infectedcells,regardlessofeitherpersistentorlytic
infection,arenowbeingstudiedtorevealapossibledifference
betweenviralCPEorcarrierstateandcellviability.
ResponseofcAMPlevelqnddcidphosphQfose
qcfivifyfodensifyresfricfioninHEKII
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(10)TransformationofhumannasopharyngealcellsbyEpstein-Barr
virus(EBV)inrelationtothedevelopmentofnasopharyngeal
carcinoma(NPC).
1)TransferofEBVgenomefromEBV-carryinghumanlym-
poblastoidcellstohumanepithelialcells.
M.FurukawaandM.Hatano、
2)Experimentalstudiesontheviraletiologyofnasopharyn-
gealcarcinomarelatedtoEpstein-Barrvirusinfection.
M.Furukawa
UsingZ-27-Adcells,whichweestablishedfromhurnanadenoid
tissues,transferofEBVgenometothemfromEBV-carrying
humanlymphoblastoidcells,P3HR-lorEB3cells,wascarried
Out・Thesehurnannasopharyngealepithelialcellsshowedhigh
freqUencyofEBVgenornetransferinthecell-fusiontechniqUe
mediatedbyUV-irradiatedHVJ,whilelowfrequencyinother
hurnanepithelialcellsderivedfrornlungorkidney.Theresult
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凡indicatesthatEBVreallyinfectshumannasopharyngealepithelial
cellsandproducesintherntheformationofEBV-speCific
nuclearantigen(EBNA)detectedbyfluorescentantibOdY_staining.
Thenextpr6blerntornakeclearwillbehowtheEBVgenorne
transferedcouldbemaintainedpersistentlyinthesenasopharyn-
gealcellsandcausethecelltransforrnationi"zノガγ0．
(11)ISolationofcleavageenzymeorinterferoninducerfrombac-
terialproducts.
1)Theeffectoftrypsinontheformationofvirus-specific
surfaceantigenincowpoxvirus-infectedcells.
J.TanakaandM.Hatano
2)EffectoforalbacterialextractSongrowthofEcho-6
virusinhumaninteStinecells.
SJAmano,K.Tamai,K.Miyamoto,S・FukudaandM.Hatano.
InourpreviousreportconcerningtheCPVS-agforrnation,
wehadobservedsornethinglikeacleavageeffectoftrypsinon
theCPV-infectedcells・Thereafter,wescreenedanaerobicoral
bacteriahavingthiscleavageactivityonculturedturnorcells
togetherwithnorrnalhurnancells・Thisexperimentresultedin
th5findingofbiologicalactivitylikeaninterferonindUCerofthe
Lactobac〃ﾉ〃Sstrain,insteadofcleavageactivity・ThesebaC-
terialextractssignificantlyinhibitedEcho-6virusmultiplication
inhurnanintestinecellspre-treatedwithit,withoutmarkedCell
darnage，PurificationofthisactivesubstanceisnowinprogreSs,
inadditiontothere-examinationofitscleavageeffectonturnor
cells.
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